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Introduction: Patellofemoral Pain Syndrome (PFPS) is one of the most common musculoskeletal disorders. The cause of PFPS has been 
reported to be multifactorial. Patellar malalignments are accepted as the leading causes of PF pain and PF joint disorders. The purpose of the 
present study was to assess the relationship between duration of PFPS and patellar alignment. Method and Materials: The patellar alignment of 
participants was compared in three groups: patients with 2-3 month PFPS duration, patients with 12-15 months PFPS duration, and matched 
healthy participants. Congruence angle, Q angle, Patella height (Insall-Salvati index), Lateral patellar tilt angle, and Pain and Function score were 
measured among these three groups. Results: The patella height (Insall-Salvati index) (r=0.32), lateral patellar tilt angle (r=0.28), Visual Analogy 
Scale (r=0.77), and function score (r=-0.80) correlated with duration of PFPS. The patella height (Insall-Salvati index), lateral patellar tilt angle, 
and pain in patients group with 12-15 months of PFPS duration were significantly greater and function score was less than those of the control 
group. The patella height (Insall-Salvati index) and pain in patients group with 2-3 months of PFPS duration were significantly greater and 
function score was less than those of the control group. There was no significant difference in other measurements among the three groups. 
Conclusions: It can be concluded that duration of PFPS affects alignment of patella and knee joint function score. Therefore, early and complete 
treatment of PFPS is recommended.  
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Introduction 
Patellofemoral Pain Syndrome (PFPS) is one of the most 
common musculoskeletal disorders (1). Patellofemoral pain 
(PFP) is an anterior, retropatellar, and/or peripatellar pain that 
is aggravated by prolonged sitting and activities which load the 
patellofemoral joint, such as ascending and descending stairs, 
running, jumping, and kneeling (1-5).  
PFP limits daily life activities and participation in sports (1, 
6, 7) and is the most common reason why physically active 
people seek healthcare (8, 9). This condition accounts for 25%-
40% of all sport injuries (4, 7, 8, 10, 11) and 37-43% of injuries 
in military trainings (3, 5). A total of 74% of patients will 
decrease their physical activity for at least 5 years because of 
PFP and about 70-90% of patients experience chronic or 
recurrent pain (5, 9). 
Prospective studies demonstrated that PFPS is not self-
treating, with probably persistent symptoms up to 20 years (6). 
It is also shown that having PFPS as a younger individual may 
predispose one to develop patellofemoral osteoarthritis later in 
life (5, 6, 12-14). 
The causes of PFPS are poorly understood (2, 4, 8). It can be 
caused by direct trauma to the knee and/or overuse (3, 15). A 
combination of factors, such as muscle weakness, decreased 
ililotibial band and hamstring flexibility, excessive subtalar 
pronation, and patellofemoral joint malalignment have been 
linked to PFPS (2, 15, 16). 
Patellar malalignment is considered to be one of the 
primary precursors of PFPS (4, 13, 14, 17, 18). It can cause an 
aberrant dispersion of forces transmitted to patellofemoral 
joint and put uneven stresses on both patellar and peripatellar 
tissues, leading to PFPS (19-21). 
Although many studies assessed patellar alignment in patients 
with PFPS, there are discrepancies in findings of these studies (3, 
14, 20, 22-27).  
Some studies have investigated the relationship between 
patellar alignment and PF osteoarthritis progression, morphology 
of Vastus Medialis Oblique (VMO), morphologic features of  
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Figure 1. Radiographic view. A) Lateral view; B) Axial view 
 
 
Figure 2. Q angle measurement 
femoral trochlea, mal-tracking, and pain and function score (19, 
28-31). However, no study was found examining the relationship 
between patellar alignment and duration of PFPS. According to 
results of a prospective study, five years after completion of a 
rehabilitation program for PFPS, about 80% of the individuals 
still reported pain and 74% had reduced the level of their 
physical activity (5). The outcome and duration of chronic and 
non-chronic PFPS treatment is different, thus they may be 
prescribed with different treatment procedures.  
As a result, the purpose of the present study was to assess 
the relationship between duration of PFPS and patellar 
alignment as identified by radiographic images. It was 
hypothesized that as duration of PFPS increases, patellar 
malalignment will increase. 
Methods and Materials 
Study design 
The current cross-sectional study aimed at assessing the 
relationship between duration of PFPS and patellar alignment. 
Prior to the treatment, participants read and signed the 
informed consent form. The study was approved by the 
Research Ethics Committee at the School of Rehabilitation 
Sciences, Iran University of Medical Sciences.  
Participant selection 
A total of 25 participants (10 male and 15 female) reporting a 
history of PFP with a duration of 2-3 months (group 2), 25 
participants (7 male, 18 female) reporting a history of PFP with 
a duration of 12-15 months (group 3), and 25 participants as 
the asymptomatic group (group 1) were invited to take part in 
the study. 
Inclusion criteria were a. age between 18 and 40 years, b. 
PFP on at least 2 of the following activities: prolonged sitting, 
stairs climbing, squatting, running, kneeling, and jumping, 
and c. presence of pain during Clark Test and compression 
test (2, 32, 33). Exclusion criteria included a. history of 
trauma, patellar dislocation or subluxation, ligament, and 
menisci injuries, b. history of deformities of lower extremity, 
c. previous physical therapy or acupuncture for the knee (24, 
28, 32, 33), and d. pregnant women with PFPS. 
Procedure 
An orthopaedic specialist referred patients with PFPS to the 
physiotherapy clinic. Data was collected by an examiner: a 
physiotherapist with clinical experience in orthopaedic 
rehabilitation. Demographic data, e.g age and duration of 
PFP, were collected and then weight and height were 
measured.  
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Figure 3. Patellar alignment measurements. A) Patella height (Insall- Salvati index) was obtained from lateral view (34); B) Lateral 
patellar tilt angle was obtained from skyline view (35); C) Congruence angle was obtained from skyline view (35) 
 
Radiographic imaging procedure 
Radiographic instrument was used to measure Congruence 
angle, Lateral patellar tilt angle, and patella height. All the 
participants were referred to a radiotherapy centre and two 
radiographs were obtained: 1. lateral view and 2. skyline view. 
The lateral radiograph was taken first, with the participant 
positioned sideling on affected side with the knee flexed 35 
degree, and measured using a standard goniometer. 
Radiographic plate was placed under the knee (26) (Figure 1A). 
Skyline radiograph was taken with the participant seated 
with the hip positioned between 90°-110° flexion. The knee 
was supported between 90°-110° flexion via leg support. 
Radiographic plate was held by the participant (23, 26, 32, 36) 
(Figure 1B). A standard goniometer was used to measure Q- 
angle and others angles. 
Alignment measurement 
In the current study, Q-angle, Congruence angle, Lateral 
patellar tilt angle, patella height, and pain and function score 
were measured. 
Q angle 
The Q-angle was measured in standing position. The center 
of patella, tibial tubercle, and anterior superior iliac spine 
were located manually and marked with an ink pen. The 
participant was instructed to hold one end of a string on the 
ASIS. The other end of the string was taped to the midpoint 
of the patella. Goinometer was placed at the midpoint of 
patella. Fixed arm of goinometer was aligned with string 
linking to the ASIS and the movable arm was aligned with 
tibial tubercle and Q-angle was recorded (25, 37) (Figure 2). 
Congruence angle, Lateral patellar tilt angle, patella height 
Lateral patellar tilt angle and congruence angle were 
obtained from skyline radiographs. The congruence angle is 
formed by the bisected line of the femoral trochela (the 
sulcus angle) and the line projected from apex of the sulcus 
angle to the lowest point of the articular surface of the 
patella (26, 35) (Figure 3A). Lateral patellar tilt angle was 
defined as the angle formed between a line connecting the 
medial and lateral edges of the patella and a horizontal line 
(35) (Figure 3B). Also, Patella height was measured from 
lateral radiographs and quantified with the Insall-Salvati 
index. The Insall-Salvati index is calculated as the ratio of 
patellar tendon length (distance from anterior tibial 
tuberosity and the most inferior border of the patella) and 
the patella bone diagonal length (36, 38) (Figure 3C). Ratio 
<0.8 was defined patella baja and ratio>1.2 was defined 
patella alta (39). 
Pain and function score  
Pain severity was measured using a Visual Analogy Scale 
(VAS). VAS is a 10-cm horizontal line on which the two ends 
show minimal and maximal pain. In order to determine the 
severity of the pain, participants were asked to indicate their 
greatest level of knee pain during the past week by placing a 
dash at the appropriate level on the 10-cm horizontal line. 
Functional score assessment of lower extremity was carried 
out using the Function scoreal Index Questionnaire adapted 
from Stratford. The scores ranged from a possible minimum 
of 0 to a maximum of 16 (40). 
A B 
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Table 1. Demographic variables of participation [Mean (SD)] 
Variable Group 1 Group 2 Group 3 P-value 
Age (y) 27.56 (5.47) 29.28 (5.61) 29.84 (5.61) 0.77 
Height (cm) 1.64 (10.08) 1.65 (0.74) 1.63 (0.09) 0.33 
Weight (KG) 64.04 (7.26) 66.28 (6.84) 68.32 (10.40) 0.51 
 
Table 2. Patellar alignment compared among the three groups [Mean (SD) 
Variable Group 1 Group 2 Group 3 P-value 
Q angle 18.08 (2.54) 18.28 (2.73) 19.08 (2.41) 0.38 
Congruence angle -11.36 (11.12) 11.76 (12.58) -8.16 (15.71) 0.74 
Lat patellar tilt angle 4.80 (5.40) 6.96 (6.14) 7.96 (4.51) 0.04 
Patella height(cm) 1.02 (0.08) 1.07 (0.09) 1.11 (0.13) 0.02 
Pain(VAS) 0 (0) 3.84 (1.59) 4.36 (1.46) 0.00 
Function score 16 (0) 10.84 (2.77) 2.46 (9.08) 0.00 
 
Table 3. Patellar alignment between groups 1 and 2, 1 and 3, and 2 and 3 (P-value)  
Variable Group 1 and 2 Group 1 and 3 Group2 and 3 
Lat patellar tilt angle 0.11 0.01* 0.27 
Patella height (cm) 0.05* 0.01* 0.09 
Pain (VAS) 0.00* 0.00* 0.18 
Function score 0.00* 0.00* 0.03* 
∗Significant difference among groups 
 
Table 4. Spearman correlation coefficients 
Variable Correlation coefficients (r) P-value 
Q angle 0.15 0.18 
Congruence angle 0.06 0.56 
Lat patellar tilt angle* 0.28 0.01 
Patella height* 0.32 0.00 
Pain(VAS) 0.77 0.00 
Function score* -0.80 0.00 
∗Significant correlation among patellar alignment and PFPS duration 
 
Statistical analysis 
Data analysis was performed using SPSS (version 16). One 
way ANOWA was run to compare the age, height, and weight 
and Kruskal-Wallis test was used to compare the Q angle, 
congruence angle, lateral patellar tilt angle, patella height, 
function score, and pain among the three groups. Moreover, 
Mann-Whitney test was run to compare the lateral patellar 
tilt angle and patellar height among groups 1 and 2, 1 and 3, 
and 2 and 3. In addition, Spearman correlation coefficients 
were used to determine the extent of the relationship between 
patellar alignment, function score, and pain and PFPS 
duration. The significance level was set at P<0.05.  
Results 
One way ANOWA & Kruskal-Wallis tests results 
There was no statistically significant difference observed for 
age, weight, and height between the three groups (Table. 1). Q 
angle and congruence angle did not differ significantly between 
the groups either. The mean of lateral patellar tilt angle in the 
group of 12-15 months PFPS duration (mean: 7.96) was 
statistically greater when compared with that of the control 
group (mean: 4.80) (P=0.01), but no significant difference was 
observed between the group of 2-3 months PFPS duration and 
control group regarding this variable (P=0.11).   
Furthermore, patella heights in two groups with PFPS 
were statistically greater than that of control group (group 2: 
P=0.05, group 3: P=0.01). 
Statistical analyses revealed significant difference in pain 
between the two groups with PFPS and control group (group 
2: P=0.00, group 3: P=0.00). No significant difference was 
found in terms of pain between the two groups with PFPS 
(P=0.18).   
The mean function scores were 10.14 in group 2 and 2.46 
in group 3. Statistical analyses showed significant difference 
between the two groups with PFPS and among control group 
and the two PFPS groups regarding function score (group 2 
and 1: P=0.00, group 3 and 1: P=0.00) (Tables 2 and 3). 
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Spearman correlation coefficients results 
Lat patellar tilt angle (r=0.28, p=0.01) and patellar height (r=0.32, 
p=0.00) were positively correlated with PFPS duration. Pain was 
positively correlated (r=0.77, p=0.00) and function score was 
negatively correlated (r=-0.80, p=0.00) with PFPS duration. 
However, no association was observed between Q angle and 
congruence angle (Table 4). 
Discussion 
The purpose of the current study was to investigate the 
relationship between patellar alignments and/ pain and 
function score with PFPS duration. The results indicated that 
increase in PFPS duration was associated with the increase of 
lateral patellar tilt angle, patella height, and pain and functional 
impairments. Hanafy reported that pain appears in the 
patellofemoral joint as a result of patellar mal-alignment which 
finally leads to patellofemoral osteoarthritis. This condition is 
common in the patellofemoral joint with high contact pressure 
stresses imposed on the lateral aspect [41]. 
Comparison of the two groups with PFPS showed no 
significant difference in Q angle with control group. The 
findings of current study are in agreement with those reported 
by Caylor (25), but in disagreement with findings of the studies 
that have identified the Q angle as one of the predisposing 
factors for PFPS (24, 33). The previous studies did not consider 
duration of PFPS, a variable that can result in discrepancy in 
the mean angle measured. In addition, the reason for the 
disagreement between the studies mentioned could be the 
various methods of measurement. The reliability of the method 
used in the present study was calculated to be high and the 
method implemented was recommended by different authors. 
Hall and Horton reported the intrarater reliability of 0.92 and 
interrater reliability of 0 .84 and Caylor reported intrarater 
reliability of 0.84-.0.90 and interrater reliability of 0.83 (25). 
The present study indicated that Q angle in the group with 12-
15 months duration of PFPS was greater than that in other 
groups, but the difference was not significant. Possibly, by 
increasing duration of PFPS to more than 15 months, 
significant difference and correlation between PFPS duration 
and Q angle would be observed. 
No correlation was found between Q angle and duration of 
PFPS, either. 
Furthermore, the congruence angle did not differ among the 
three groups. Similarly, Thomee et al. reported no difference in 
congruence angle between the most and the least symptomatic 
knees in participants with PFPS (41). Our data is consistent with 
the previous findings in patients with PFPS. The findings 
indicated that congruence angle may not be a sensitive measure 
of patellar displacement in patients with PFPS (26, 35). 
Conversely, Aglietti et al. reported that the mean congruence 
angle was greater in participants with PFP than in control group. 
They used the Merchant view technique (45° knee flex) (42). The 
use of various radiographic techniques for measurement of this 
angle may account for the discrepancy between the mean angles 
obtained in the present study and those of the previous studies. 
Findings of the current study indicated that patella heights 
(patella alta) of the two groups with PFPS were significantly 
greater than that of the control group. Our results are 
consistent with the pervious findings reported by Aglietti, 
kannus, and Pal (36, 42, 43). Pal et al. reported significant 
difference in the rate of patella alta between participants with 
PFPS and healthy participants. Duration of PFPS in Pals’ study 
was 3 months to 11 years (36). Martin et al. reported that there 
was no difference in the patella height between the PFPS group 
with at least 3 months duration and pain free group (32). A 
possible explanation for this disagreement between the findings 
could be the difference in the duration of PFPS. Laprad et al. 
demonstrated that there is no difference in patellar height 
between PFPS and pain free group using the Caton- Deschanps 
index (26). The disagreement between our findings with those 
of Laprad could be due to the method and index of 
measurement of patella height used. Patella alta can result in 
alternation of the contact area of PF joint, which results in the 
increase in contact stress and cartilaginous breakdown. 
The results of the current study demonstrated that there is a 
positive correlation between patella alta and PFPS duration, 
meaning that patella alta is a main problem of PFPS treatment.  
It is also demonstrated in the present study that lateral 
patellar tilt angle in patients with PFPS with a duration of 12-15 
months was significantly greater than that of control group. 
There was no significant difference between the group with PFPS 
of 2-3 months duration and control group regarding this 
variable. These results suggest that increase in the duration of 
PFPS can increase lateral patellar tilt angle. We observed a 
positive correlation between lateral patellar tilt angle and PFPS 
duration, as well. This finding is similar to those reported in the 
previous studies. Witonki et al. reported that lateral patellar tilt 
angle significantly differ between anterior knee pain patients and 
asymptomatic individuals (44). Also, Pal et al. reported greater 
lateral patellar tilt angle in PFPS group with 3 months to 11 
years duration than in control group (36). Martin et al. found 
that there is no difference between patients with PFP duration 
of at least 3 months and asymptomatic individuals (32). The 
difference between the results of these studies and our 
findings may be explained by the fact that they did not 
consider duration of PFPS. Also, implementing various 
imaging techniques and measurement methods of lateral 
patellar tilt angle in different studies could have resulted in 
contradictory results.  
Lin et al. demonstrated that VMO in patients with PFPS 
produced less torque to counteract the laterally directed forces 
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applied to the patella by the lateral structures of the knee. 
Therefore, most patella were laterally tilted in patients with PFP 
(35). Authors have reported that quadriceps muscles, especially 
VMO, were weak in PFP and weakness of VMO increased by the 
increase in the duration of PFP, and increase in the lateral 
patellar tilt angle is one of its consequences (10). Hunter et al., 
too, reported that lateral patellar tilt angle correlated with PFPS 
progression and pain increase. Greater lateral patellar tilt angle 
can result in excessive stress between lateral patellar facet and 
lateral trochlea and it can increase sings of PFP (19, 45). 
The findings of present study showed that increase in the 
duration of PFPS was associated with increased functional 
impairment.  
The current study had some limitations which must be 
considered before generalizing the findings. The participants 
represented a “Convenience” sample that were consecutively 
included, and thus were not randomly selected. The examiner 
was not blind to the allocated participants and a single 
examiner performed all the PF alignment measuring for the 
participants. Also, finding participants with 2-3 months 
duration proved to be difficult. Therefore, we proposed 
conduction of blinded studies with single-sex participants to 
compare the duration effects on patellar alignment in PFPS 
patients. 
Conclusion 
The present study demonstrated that increase in the 
duration of PFPS could increase lateral patellar tilt angle, 
patella alta, and pain and functional impairment. Therefore, 
early treatment and improvement of the patellar alignment 
in patients with PFPS are recommended. 
Acknowledgments:  
The authors would like to thank the Vice Chancellor for 
Research at Iran University of Medical Sciences for 
financially supporting the current study. Also, we would like 
to thank the personnel of the Radiology Department at 
Rasool Akram Hospital for their kind cooperation. 
Conflict of interest:  
None  
Funding support:  
None 
Authors’ contributions:  
All authors made substantial contributions to conception, 
design, acquisition, analysis and interpretation of data. 
References 
1. Khayambashi K, Mohammadkhani Z, Ghaznavi K, Lyle MA, 
Powers CM. The effects of isolated hip abductor and external 
rotator muscle strengthening on pain, health status, and hip 
strength in females with patellofemoral pain: a randomized 
controlled trial. J Orthop Sports Phys Ther. 2012;42(1):22-9. 
2. Nijs J, Van Geel C, Van der auwera C, Van de Velde B. 
Diagnostic value of five clinical tests in patellofemoral pain 
syndrome. Man Ther. 2006;11(1):69-77. 
3. Lankhorst NE, Bierma-Zeinstra SM, van Middelkoop M. Risk 
factors for patellofemoral pain syndrome: a systematic review. J 
Orthop Sports Phys Ther. 2012;42(2):81-94. 
4. Song CY, Lin JJ, Jan MH, Lin YF. The role of patellar alignment 
and tracking in vivo: the potential mechanism of patellofemoral 
pain syndrome. Phys Ther Sport. 2011;12(3):140-7. 
5. Davis  IS, Power C. Patellofemoral pain syndrome: prox- distal 
and local factor. Journal Orthop physical therapy2010;40(3):1-48 
6. Collins NJ, Bierma-Zeinstra SM, Crossley KM, van Linschoten 
RL, Vicenzino B, van Middelkoop M. Prognostic factors for 
patellofemoral pain: a multicentre observational analysis. Br J 
Sports Med. 2013;47(4):227-33. 
7. Kannus P, Natri A, Paakkala T, Jarvinen M. An outcome study of 
chronic patellofemoral pain syndrome. Seven-year follow-up of 
patients in a randomized, controlled trial. J Bone Joint Surg Am. 
1999;81(3):355-63. 
8. Bizzini.M. Systmatic review of Quality of RCT for patellofemoral 
pain syndrom Orthop sports phys ther. 2003;33(1). 
9. JOSPT perspectives for patients. Anterior knee pain: a holistic 
approach to treatment. J Orthop Sports Phys Ther. 2012;42(6):1. 
10. Magalhaes E, Fukuda TY, Sacramento SN, Forgas A, Cohen M, 
Abdalla RJ. A comparison of hip strength between sedentary 
females with and without patellofemoral pain syndrome. J 
Orthop Sports Phys Ther. 2010;40(10):641-7. 
11. Wilson.T, Kitsell.F. Is the Q angle an absolute or avariable 
measure? Phsiotherapy. 2002;88(5):296-302. 
12. Utting MR, Davies G, Newman JH. Is anterior knee pain a 
predisposing factor to patellofemoral osteoarthritis? Knee. 
2005;12(5):362-5. 
13. Wang CJ, Chan YS, Chen HH, Wu ST. Factors affecting the 
outcome of distal realignment for patellofemoral disorders of the 
knee. Knee. 2005;12(3):195-200. 
14. Waryasz GR, McDermott AY. Patellofemoral pain syndrome 
(PFPS): a systematic review of anatomy and potential risk factors. 
Dyn Med. 2008;7(9):1476-5918. 
15. Derasari A, Brindle TJ, Alter KE, Sheehan FT. McConnell taping 
shifts the patella inferiorly in patients with patellofemoral pain: a 
dynamic magnetic resonance imaging study. Phys Ther. 
2010;90(3):411-9. 
60                                                                                                                                                                                                            Ebrahimi et al.  
 
Journal of Clinical Physiotherapy Research. 2016;1(2): 54-60 
Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: http://journals.sbmu.ac.ir/physiotherapy/ 
16. Blond L, Hansen L. Patellofemoral pain syndrome in athletes: a 
5.7-year retrospective follow-up study of 250 athletes. Acta 
Orthop Belg. 1998;64(4):393-400. 
17. Sheehan FT, Derasari A, Fine KM, Brindle TJ, Alter KE. Q-angle 
and J-sign: indicative of maltracking subgroups in patellofemoral 
pain. Clin Orthop Relat Res. 2009; 468(1):266-75. 
18. Grelsamer RP, Weinstein CH, Gould J, Dubey A. Patellar tilt: the 
physical examination correlates with MR imaging. Knee. 
2008;15(1):3-8. 
19. Hunter DJ, Zhang YQ, Niu JB, Felson DT, Kwoh K, Newman A, 
et al. Patella malalignment, pain and patellofemoral progression: 
the Health ABC Study. Osteoarthritis Cartilage. 
2007;15(10):1120-7. 
20. Fredericson M, Yoon K. Physical examination and patellofemoral 
pain syndrome. Am J Phys Med Rehabil. 2006;85(3):234-43. 
21. Kramer PG. Patella malalignment syndrome: rationale to reduce 
excessive lateral pressure. J Orthop Sports Phys Ther. 
1986;8(6):301-9. 
22. Smith TO, Hunt NJ, Donell ST. The reliability and validity of the 
Q-angle: a systematic review. Knee Surg Sports Traumatol 
Arthrosc. 2008;16(12):1068-79. 
23. Wittstein JR, Bartlett EC, Easterbrook J, Byrd JC. Magnetic 
resonance imaging evaluation of patellofemoral malalignment. 
Arthroscopy. 2006;22(6):643-9. 
24. Emami MJ, Ghahramani MH, Abdinejad F, Namazi H. Q-angle: 
an invaluable parameter for evaluation of anterior knee pain. 
Arch Iran Med. 2007;10(1):24-6. 
25. Caylor D, Fites R, Worrell TW. The relationship between 
quadriceps angle and anterior knee pain syndrome. J Orthop 
Sports Phys Ther. 1993;17(1):11-6. 
26. Laprade J, Culham E. Radiographic measures in subjects who are 
asymptomatic and subjects with patellofemoral pain syndrome. 
Clin Orthop Relat Res. 2003;414:172-82. 
27. Park SK, Stefanyshyn DJ. Greater Q angle may not be a risk factor 
of patellofemoral pain syndrome. Clin Biomech. 2011;26(4):392-6. 
28. Piva SR, Fitzgerald K, Irrgang JJ, Jones S, Hando BR, Browder 
DA, et al. Reliability of measures of impairments associated with 
patellofemoral pain syndrome. BMC Musculoskelet Disord. 
2006;7:33. 
29. Piva SR, Goodnite EA, Childs JD. Strength around the hip and 
flexibility of soft tissues in individuals with and without 
patellofemoral pain syndrome. J Orthop Sports Phys Ther. 
2005;35(12):793-801. 
30. Horton MG, Hall TL. Quadriceps femoris muscle angle: normal 
values and relationships with gender and selected skeletal 
measures. Phys Ther. 1989;69(11):897-901. 
31. Herrington L, Nester C. Q-angle undervalued? The relationship 
between Q-angle and medio-lateral position of the patella. Clin 
Biomech. 2004;19(10):1070-3. 
32. del Mar Carrion Martin M, Santiago FR, Calvo RP, Alvarez LG. 
Patellofemoral morphometry in patients with idiopathic 
patellofemoral pain syndrome. Eur J Radiol. 2010;75(1):21. 
33. Herrington L. Does the change in Q angle magnitude in unilateral 
stance differ when comparing asymptomatic individuals to those 
with patellofemoral pain? Phys Ther Sport. 201214(2):94-7. 
34. Schulz.B, Brown.M, Ahmad.CS. Evaluation and imaging of 
patellofemoral joint disorders. Oper Tech sports Med. 
2010;18:68-78. 
35. Lin YF, Lin JJ, Cheng CK, Lin DH, Jan MH. Association between 
sonographic morphology of vastus medialis obliquus and patellar 
alignment in patients with patellofemoral pain syndrome. J 
Orthop Sports Phys Ther. 2008;38(4):196-202. 
36. Pal S, Besier TF, Beaupre GS, Fredericson M, Delp SL, Gold GE. 
Patellar maltracking is prevalent among patellofemoral pain 
subjects with patella alta: an upright, weightbearing MRI study. J 
Orthop Res. 2012;31(3):448-57. 
37. Tomsich DA, Nitz AJ, Threlkeld AJ, Shapiro R. Patellofemoral 
alignment: reliability. J Orthop Sports Phys Ther. 1996;23(3):200-8. 
38. Alemparte J, Ekdahl M, Burnier L, Hernandez R, Cardemil A, 
Cielo R, et al. Patellofemoral evaluation with radiographs and 
computed tomography scans in 60 knees of asymptomatic 
subjects. Arthroscopy. 2007;23(2):170-7. 
39. Mostafa AA, Griffon DJ, Thomas MW, Constable PD. 
Proximodistal alignment of the canine patella: radiographic 
evaluation and association with medial and lateral patellar 
luxation. Vet Surg. 2008;37(3):201-11. 
40. Bert M. Chesworth Mp, ~E Lsie G. Culham, Mcisc(Pt),~+~, G. 
Elizabeth Tata Mp, ~M Alcolm Peat, Phd4. Validation of 
Outcome Measures in Patients with Patellofemoral Syndrome1. 
Journal of Orthopaedic & Sports Physical Therapy. 1989. 
41. Thomee R, Renstrom P, Karlsson J, Grimby G. Patellofemoral 
pain syndrome in young women. I. A clinical analysis of 
alignment, pain parameters, common symptoms and functional 
activity level. Scand J Med Sci Sports. 1995;5(4):237-44. 
42. Aglietti P, Insall JN, Cerulli G. Patellar pain and incongruence. I: 
Measurements of incongruence. Clin Orthop Relat Res. 
1983(176):217-24. 
43. Kannus PA. Long patellar tendon: radiographic sign of 
patellofemoral pain syndrome--a prospective study. Radiology. 
1992;185(3):859-63. 
44. Witonski D, Goraj B. Patellar motion analyzed by kinematic and 
dynamic axial magnetic resonance imaging in patients with 
anterior knee pain syndrome. Arch Orthop Trauma Surg. 
1999;119(1-2):46-9. 
45. Kalichman L, Zhu Y, Zhang Y, Niu J, Gale D, Felson DT, et al. The 
association between patella alignment and knee pain and function: 
an MRI study in persons with symptomatic knee osteoarthritis. 
Osteoarthritis Cartilage. 2007;15(11):1235-40. 
 
